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OUTLINE

® The R Dependence of Shape Resonances in Small
Molecules |

® The R Dependence of Inner-shell Orbitals in Small
Molecules

®  The Bond-Angle Dependence of Shape Resonances in
Small Molecules




Shape Resonances and their R Dependence
®  Centrifugal barriers and valence orbitals

® The R dependence of 6" resonances: the correlation
between resonance energy and bond length

® Can time-domain experiments probe this relationship
directly?

®  Why is it worth doing?

T Stiher, “NEXAFS Speciroscopy b (SP,;“W, New York., (112) |
M. N.Piancasilli | T Etectron Spactvose. Rel. Phenom. (2@, 16301




from A. Bianconi, H.Pefwson, F.C. Brown, amd R. 2. Bachrack,
Phys. Rev. A 12, 190% (19%8).
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Evidence for R Dependence

Vibrationally resolved branching ratios and non-
Franck-Condon effects

Systematic studies of large classes of molecules

Theoretical predictions




BRANCHING RATIO (%)

J.L. Dehmer et al.

23 u T
+ 2¢+ (vz2l
1 ° N2 29 (_:?0))' , :
20 i \ -
\
N
N B
N
0 I | | ! ]
15 20 2 30 35 40 45

3
PHOTON ENERGY (eV)

from J.L. Dehmev, A.C. Parr, and S. M. Southwerty, “Hand book
of Synchvotron Rediaton, Vol. 2," edited '53 6.V. Marr

(Elsevier, New York, 1983)
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from IS'I’Bhr' “NEXAFS S’ecfroSCo?:]“ (590':'036", New'fori, Hq@)
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from L.Krim, B.Soep, and J.I Visticot, J.Chem, FPhys [03 155711193
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Near-edge Spectra as a Function of Time Delay

Initial experiments at delays corresponding to the
classical turning points

Spectra away from R, should be well separated from
the ground state spectrum

Relatively modest energy resolution is required
Significantly extends sampled range of R

Photoelectron spectroscopy of the new features




36. Fluorine
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Absorption (arb.units)

w.Krone etal., Syntehc Metals !_7_‘,‘!71(119?)

b) /(cm&os),

o ICl,gas-phase
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Feasibility

Nora says: with 10'! photons/sec monochromatized flux, a
photoelectron spectrum can be obtained at the carbon edge
of CO in ~20 minutes with S/N of ~100,000

Exciting 2% of the sample, this time is increased by a
factor of 50

The monochromatized, sliced x-ray flux is 10’

photons/sec, increasing the counting time by a factor of
104

Compromising on a S/N of ~1000, and if the counting
statistics are the determining factor, the counting time 1s

decreased by a factor of 10*

This results in an overall factor of 50 increase, so a

spectrum should take ~17 hours to collect

Wavelength scans with S/N of ~100 should also be

feasible




The R Dependence of Inner-shell Orbitals
and the Dipole Approximation

® The validity of the dipole approximation depends on
the relative size of the target and the wavelength
of the radiation

® Atthe IL, edge, A ~ 2.4 A; at the C1 K edge,
A~ 4.4A

®  Vibrational wavepackets can be prepared in ICl that
sample R ~ 2.3 to 4.6 A, over which the validity
of the approximation should change
substantially”

® Experiments that probe this breakdown are somewhat
more difficult, requiring angular distribution
measurements or x-ray Raman scattering

Lower energy edges could be used if necessary given
more compact inner shells




Dependence of Shape Resonance Energies on Bond Angle

® How do ¢’ and " resonances depend on bond angle
in polyatomic molecules?

® Can information on the bond angle be extracted from
the resonance positions? Can this information
also be extracted for molecules on surfaces?

® Produce a bending wavepacket by pumping a bent to
linear transition, and sample this wavepacket at
the bent geometry of the turning points
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Fig. 6.24. Experimental [6.17. 104] and calculated [6.78] K-shell excitauon spectra of carben
dioxide (O=C=0\. at the C and O K-edges. At the O K-edge two ¢* resonances are observed due w0
interactions of the adjacent C=0O bonds. The resonances labelled o7 and o3 correspond o
transitions to the S¢7 and 4¢3 MOs. respectively. which are depicted in Fig. 3.2. At the C K-adge the

transition to the lower-energy 67 orbital is forbidden by the dipole selection rule due to inversion
symmetry and thus only one ¢* resonance is observed

X-M Tong and J-M Li, T.Phys, 8 22, (531 (1489)
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Figure 2. Near-threshold structure of the nitrogen K edge for the NO, molecule. (a)
High-rasolution electron energy loss spactrum. () Theoretical oscillator strzngth density.
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